We have investigated the fundamental processes of deep convection in a lake at high latitudes triggered by wind during spring or autumn and the associated deep water formation, executing vertically two-dimensional numerical experiments with a nonhydrostatic model. The water column in which a relatively cold mixed layer overlies a relatively warm layer becomes unstable, when the Ekman convergence on the shore due to along-shore wind deepens the mixed layer below the compensation depth, where water densities in both layers becomes equal to each other because of the thermobaric effect. At the onset of deep convection, the critical Rayleigh number agrees with that predicted by the linear theory. The onset time of deep convection is inversely proportional to the magnitude of wind stress. On the other hand, the onset time is minimal when water temperature in the mixed layer 0m is 3.1~ because a change of/9, has two effects oppositely acting on the stability of the water column. After the first onset, deep convection occurs intermittently for a few days. The sinking of the mixed layer water occurs in a thermal-Hke shape, and its amount is 41-84% of the time-integrated Ekman transport when 0. -3~ while it decreases to less than 10% for 0m lower than 1.5~ The present process can explain 30% of the amount of deep water renewal which is expected from the observation in Lake Baikal.
Introduction
In deep lakes at high latitudes, e.g. Lake Baikal in Russia and Crator Lake in U.S.A., deep water ventilation occurs down to the bottom and appears to be caused by deep convection (Carmack and Weiss, 1991; Weiss et al., 1991; McManus et al., 1993; Shimaraev et al., 1993) . For example, in Lake Baikal, higher concentrations of dissolved oxygen and chlorofluorocarbons (CFCs) has been observed in the bottom water than in the overlying water (Weiss et al., 1991) . This means the former water is younger than the latter. As for deep convection which is believed to be responsible for such a ventilation, Carmack and Weiss (1991) proposed a possible scenario for its generation mechanism in which the thermobaric effect, i.e. an increase in the thermal expansion rate with pressure (depth), is essential to the onset of deep convection near the temperature of maximum water density. Their scenario is summarized as follows. In spring and autumn, it is most likely for the water column to overturn since the difference of water temperature between the mixed layer and the underlying layer (~3.5~ becomes minimal, whereas in winter and suminer, the water column is strongly stratified owing to the large temperature difference between both layers. Even in spring or autumn, the relatively cold mixed layer is still stable against the relatively warm underlying layer as long as its thickness stays in a usual range (~200 m). However, if any external forcing deepens the mixed layer below the compensation depth, where density of the mixed layer water is equal to that of the underlying layer water because of the thermobaric effect, the water column becomes unstable to overturn.
Although local wind convergence, internal waves and so on can be candidates for the external forcings, neither deepening of the mixed layer by such phenomena nor deep convection has been observed except that a downward cold plume suggestive of deep convection was found along the bottom slope (Shimaraev et al., 1993;  Fig. 1) . Then, details about the generation process of deep convection and the associated deep water formation have not been clarified yet. A 1991.6.07 9 T 9 c= 1991JJ0 Fig. 1 . Water temperature observed near the south-eastern bank of the middle basin in Lake Baikal on June 1991 (after Shimaraev et al., 1993) . Large arrow indicates a cold convective plume. 
